The existence of flavor exotic QQqq molecular-type states is investigated. An attractive force between two pseudoscalar H = (Qq) heavy meson is generated by (correlated) two-pion exchange. The emergence of a (loosely) bound state depends crucially on the value of the coupling constant g of the H * Hπ vertex.
At present basically all the hadrons, both baryons and mesons, can be safely classified asanduark states respectively. No reliable evidence for multiquark states but nuclei, which can be considered as weakly bound states of the baryons, has been found. One of the most clear-cut signals for such multiquark states would be an observation of hadronic states with exotic flavor quantum numbers. A promising hunting ground for such an exotics is the domain of heavy flavors, or more precisely, hadrons with the QQqq structure where Q is a heavy quark. The sought after hadronic states are known to exist in the m Q → ∞ limit [1] [2] [3] . Quantitatively the heavy-mass limit can be recast in the form of an inequality
However, this inequality is satisfied for the t-quark only which, on the other hand, decays before the hadronization. For Q = c, b quarks QQqq hadrons may exist as weakly-bound systems of two Qq mesons.
A couple of Qq mesons may be bound, for the large enough mass of a heavy quark, by a comparatively weak force generated by one-pion exchange. The attractive feature of such a long-range potential is that it is calculable in a chiral perturbation theory. A molecule-type H -H (H = Qq) hadron exists in the limit of the infinitely heavy mass m Q [3] . Corrections ∼ 1/m Q , in the realistic case of b-or c-quarks, prove to be of importance. The investigation of such systems in [3] [4] [5] yielded rather controversial results. According to [3] the D -mesons are too light to be bound by the one-pion-exchange force, whereas a loosely bound state was found in the system of two B-mesons consisting of BB * and B * B * with equal weights.
At the same time the one-pion-exchange force between two heavy mesons was found in [4, 5] to be too weak (or even repulsive) to produce a bound state. In contrast, systems with non-exotic quantum numbers were shown to have a rich spectrum of bound states: DD system is expected to have a bound state and the BB one possesses several such states with various spin-parity quantum numbers. It should be stressed that conclusions as to the existence of a bound state(s) rely heavily on the specific value of the strength constant g of the π-meson coupling to a heavy meson which sets the overall scale of the interaction strength (see below). [6] . Another reason for investigating a system of two pseudoscalar meson has a dynamical nature. The vertex of pion coupling to a pair of the H-mesons apparently vanishing, the next-in-range force operative in this system is (correlated) two-pion exchange (CTPX). This force is known to provide the bulk of the attraction in the NN system [7] . Thus it is of interest to investigate its effects in heavy-meson systems, and the HH pair provides a testing ground where the CTPX forces are not obscured by the one-pion exchange.
The construction of the CTPX potential is described in the plethora of works (see [7] [8] [9] just to mention a few). The generic form of two-pion exchange is depicted in fig.1 . A pair of pions in the t-channel may have various orbital momenta and isospin. We focus our attention on the J π (T ) = 0 + (0) channel, which is the most relevant for the system under consideration, since it is responsible for the strong sttraction. We will postpone the discussion of J ≥ 1 contributions to the conclusion. As is well known from the works on the NN interaction, the static potential for the scalar-isoscalar channel can be written by
e The dynamics of the intercation is controlled by the behavior of the spectral function ρ(t).
It vanishes at the two-pion treshold in the t-channel, i.e. at t = 4m The spectral function is in turn expressed, by means of the unitarity condition, in terms of the amplitude A of theHH → ππ process:
Note that in contrast to the entirely familiarNN → ππ case there is no iterated Born term to be subtracted. In case of theN N → ππ process, the quasiempirical data in the pseudophysical region (4m 2 π < t < 50m 2 π ) can be obtained by making an analytic continuation of the πN scattering data. However, for lack of the quasiempirical information on the π-meson scattering off a heavy meson we are forced to apply a dynamical model. ππ → ππ interaction can be evaluated by using the meson-exchange model of ππ, πK and KK processes [11] . As usual, a nonvanishing range of the strong interaction is taken into consideration by introducing a formfactor F in the HH * π vertex. We choose the exponential form [12] for it:
where M is the mass of the exchange particle and Λ denotes the cut-off parameter.
The overall strength scale of the (2) potential is established by the constant g of the πH * H coupling. It is defined as follows [13] 
In principle, the value of g could be determined from the width of the H * → Hπ decay channel. However, because of small mass difference ∆m B between B and B * mesons (∆m B ≈ 46
MeV) this channel is closed for the B * -meson. As to the system of (vector and pseudoscalar) D-mesons, at present the upper limit for the total width of the D * -meson and partial width of the D * → Dπ decay are measured [14] . Theoretical estimates of the g value are controversial. The upper limit in both the chiral and the heavy quark limits in the leading 1/N c order reads [15] :
The numerical values utilized in [4, 5] and [3] , which ensured the existence of a (loosely) bound state, are equal to g ≈ 0.6 and 0.7 respectively. These values were obtained by assuming that the upper experimental limit on the width of the D * meson is just the realistic value of the latter. Direct calculations of g based on the QCD sum rules [16] yielded much smaller value: g ≈ 0.2. Note that the H * Hπ vertex enters in the spectral function ρ(t) four times, which implies that the CTPX potential V 2π (2) contains the g 4 factor. Thus the specific value of g proves to be crucial for the (non)existence of a bound state of two pseudoscalar
Under these circumstances we have investigated the existence of the H -H bound state and, if present, calculated the binding energy E b in a wide range of g's: 0 ≤ g ≤ 1.
In the numerical calculations of the CTPX potential (2) the value of t max was chosen, as it is customary in the NN system, equal to t max = 50 m Results of calculations for the DD system (S-wave) are presented in fig.3 . Note the (anticipated) sharp dependence of the binding energy on the g value and its rather weak spread with the variation of Λ. A conclusion, which can be drawn from the investigation of the g dependence, is that the bound state emerges at the value of g ≈ 0.75 ÷ 0.85, i.e.
at somewhat larger g's than the molecular states of refs. [4, 5, 3] . In the case of more heavy B-mesons situation proves to be more favorable (see fig.4 ). Here the bound state emerges, depending upon the cut-off parameter, in the g ≈ 0.58 ÷ 0.78 range. The existence of a flavor-exotic HH tetraquark depends crucially on the value g of the H * Hπ coupling constant. The latter is related to the width of the H * → H + π decay and, since corresponding partial width is measured, on the total width Γ of the H * -meson.
Provided Γ is taken equal to the experimental upper limit, the CTPX induced forces alone are strong enough to produce a bound state of BB mesons, while the DD system is very close to support a bound state. Such bound states will manifest themselves as stable scalar mesons with the mass M ≈ 2 m H and the flavor quantum number equal to ±2 (note that existence of a HH bound state implies that theHH system is also bound). The same conclusion holds true for the flavor-hiddenhH states which have the same binding energy.
It is relevant to note that CTPX induced flavor exotic molecular-type states emerge at about the same values of g which ensure boundedness of flavor-hiddenH * H * andH * H states generated by one-pion exchange [4, 5, 3] . At smaller values of g molecular-type states with any heavy meson content are not expected to emerge. More complicated systems of heavy mesons where both one-and (correlated) two-pion exchanges are operative will be considered elsewhere.
